We present Suzaku results of the two Galactic supernova remnants (SNRs), G350.1−0.3 and G349.7+0.2. We find Al and Ni Kα lines from both the SNRs for the first time, in addition to previously detected K-shell lines of Mg, Si, S, Ar, Ca and Fe. The spectra are well described by two optically thin thermal plasmas: a low-temperature (low-kT ) plasma in collisional ionization equilibrium and a hightemperature (high-kT ) plasma in non-equilibrium ionization. Since the low-kT plasma has solar metal abundances, it is thought to be of interstellar medium origin. The high-kT plasma has super-solar abundances, hence it is likely to be of ejecta origin. The abundance patterns of the ejecta components are similar to those of core-collapse supernovae with the progenitor mass of ∼ 15-25 M ⊙ for G350.1−0.3 and ∼ 35-40 M ⊙ for G349.7+0.2. We find extremely high abundances of Ni compared to Fe (Z Ni /Z Fe ∼ 8). Based on the measured column densities between the SNRs and the near sky background, we propose that G350.1−0.3 and G349.7+0.2 are located at the distance of 9 ± 3 kpc and 12 ± 5 kpc, respectively. Then the ejecta masses are estimated to be ∼13 M ⊙ and ∼24 M ⊙ for G350.1−0.3 and G349.7+0.2, respectively. These values are consistent with the progenitor mass of ∼ 15-25 M ⊙ and ∼ 35-40 M ⊙ for G350.1−0.3 and G349.7+0.2, respectively.
1. Introduction G350.1−0.3 is a radio-bright supernova remnant (SNR) in the Galaxy (Clark et al. 1973) . The radio morphology is not a typical shell or crab-like but has a distorted and elongated shape (Salter et al. 1986 ). X-rays were detected with ROSAT (Voges et al. 1999) and ASCA (Sugizaki et al. 2001) , and then with XMM-Newton (Gaensler et al. 2008) and Chandra (Lovchinsky et al. 2011) . A point-like X-ray source, XMMU J172054.5−372652, was found ∼ 3 ′ west of the brightest region. The spectral parameters are in the range of a typical central compact object (CCO) (Lovchinsky et al. 2011) . Gaensler et al. (2008) detected a 12 CO emission along the eastern edge of the SNR. They suggest that the molecular gas suppressed the expansion of the remnant and formed the peculiar asymmetric morphology. The distance and age are estimated to be 4.5-10.7 kpc and ∼ 900 years old, respectively (Gaensler et al. 2008) . The X-ray spectrum of the SNR is reproduced by a two-component model: a high-temperature (kT ∼ 1.5 keV) plasma in non-equilibrium ionization (NEI) and a lowtemperature (kT ∼ 0.4 keV) plasma in collisional ionization equilibrium (CIE) (Gaensler et al. 2008) . The abundances of the former are super-solar and those of the latter are 1 solar, which suggests ejecta and interstellar medium (ISM) origin, respectively. The metal abundances of the ejecta are as high as 10 solar although the statistical errors are quite large. Lovchinsky et al. (2011) , on the other hand, reported that the spatially resolved spectra can be reproduced by one-temperature plasma models with abundances of ∼ 1-9 solar. G349.7+0.2 is another radio-bright SNR in the Galaxy (Shaver et al. 1985) . The distance is estimated to be 18.3 ± 4.6 kpc (Caswell et al. 1975) . OH maser emission (1720 MHz) is found toward G349.7+0.2 at a radial velocity of ∼ +16 km s −1 , suggesting that the SNR is interacting with a dense molecular cloud at the kinematic distance of 22.4 kpc (Frail et al. 1996) . The X-ray image taken by Chandra shows an irregular shell with the bright eastern side (Lazendic et al. 2005) . The presence of H I clouds near the SNR indicates that G349.7+0.2 is evolved into the intercloud medium, and is responsible for the irregular morphology. Like G350.1−0.3, the X-ray spectrum is described by two plasmas with different temperatures: a low-temperature (kT ∼ 0.8 keV) CIE plasma with solar abundances, and a high-temperature (kT ∼ 1.4 keV) NEI plasma. The latter has an enhanced Si abundance, suggesting ejecta origin (Lazendic et al. 2005) . A point source, CXOU J171801.0−372617, is found near the center of the SNR, possibly a CCO associated with the SNR [Vol. , (Lazendic et al. 2005) .
The previous results such as the presence of CCOs and the associations with molecular clouds suggest that both of G350.1−0.3 and G349.7+0.2 are core-collapse (CC) SNRs. The metal abundances in the ejecta should provide crucial information for the mass of the progenitor stars. Fe and Ni are the final products of the major nuclear reaction network in the evolution of massive stars and their final supernova (SN) explosions. Therefore, these elements should be particularly important to study the mechanism of CC SNe in the close vicinity of the core region. Previous works, however, have limited statistics to study the ejecta elements. This paper presents the most accurate Fe and Ni abundances in the two CC-SN candidates, G350.1+0.3 and G349.7−0.2. For the studies, we used the Suzaku satellite (Mitsuda et al. 2007 ) because it has the highest sensitivity for diffuse X-rays in the Fe and Ni K-shell band at 5-10 keV.
In this paper, we estimate errors at 90% confidence level while figure 2, 3 and 6 show the 1 σ errors.
Observations and Data Reduction
The observations of G350.1−0.3 and G349.7+0.2 were made with the X-ray Imaging Spectrometer (XIS: Koyama et al. 2007 ) on the focal planes of X-ray telescopes (XRT: Serlemitsos et al. 2007 ) onboard the Suzaku satellite. The observation log is given in table 1. The effective exposure times are 70.1 ks and 160.4 ks for G350.1−0.3 and G349.7+0.2, respectively. We obtained cleaned event data after the pipeline processing version 2.7.16.30 from the Suzaku database. We re-processed the data with the calibration database released in November 2012.
The XIS has four CCDs (XIS 0, 1, 2, and 3). XIS 0, 2, and 3 are Front-Illuminated (FI) CCDs and XIS 1 is a Back-Illuminated (BI) CCD. XIS 2 1 and one forth (Segment A) of XIS 0 2 have been out of function since November 2006 and June 2009, respectively. The 1.70-1.76 keV band including the neutral Si K-shell edge is ignored because of the calibration uncertainty. For data reprocess and analysis, we use the HEAsoft package version 6.11.
Analysis and Results

X-ray Images
We show the 1.0-10.0 keV band images in the 8.
′ 5 × 8. ′ 5 fields at the center of the two observations in figure 1 . The non X-ray background (NXB) is made using xisnxbgen (Tawa et al. 2008) , and is subtracted from the raw images. The emission of G350.1−0.3 consists of a bright clump in the east with a radius of ∼ 1.
′ 5 and a fainter emission extending toward the west. The emission of G349.7+0.2 is circular with a radius of ∼ 2 ′ . The positions of both the CCOs, XMMU J172054.5−372652 (Gaensler et al. 2008) Color scale shows X-ray counts in 8. ′′ 3 × 8. ′′ 3. Source spectra of G350.1−0.3 are extracted from the white ellipse with semimajor and semi-minor axes of 2. ′ 8 and 2. ′ 0, respectively, while those of G349.7+0.2 are taken from the white circle with a radius of 2. ′ 3. The cross marks are the positions of the CCOs, XMMU J172054.5−372652 (Gaensler et al. 2008 ) and CXOU J171801.0−372617 (Lazendic et al. 2005) , in G350.1−0.3 and G349.7+0.2, respectively.
and CXOU J171801.0−372617 (Lazendic et al. 2005) , are given by the cross marks.
X-ray Spectra
The NXB-subtracted spectra of the SNRs and the background (BG) are given in figure 2, with the black and gray data points, respectively. We extract the SNR spectra of G350.1−0.3 and G349.7+0.2 from the source regions enclosed by the white ellipse and circle shown in figure 1, re- • 2697, −37.
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spectively. The BG spectra for each SNR are taken from surrounding regions in each field-of-view. In the following spectral analysis, we use the XSPEC software version 12.7.0 (Arnaud 1996) . The redistribution matrix files and ancillary response files are generated by xisrmfgen and xissimarfgen, respectively (Ishisaki et al. 2007 ). The abundances are referred to Anders & Grevesse (1989) .
Background Estimation
The BG spectra in the energy band of Fe K-shell lines (> 6 keV) have larger statistical errors than those of the SNR spectra (see figure 2), and hence a direct subtraction of the BG from the SNR spectra causes large statistical errors in this energy band. We therefore make a BG model, then add it to the SNR spectra in the fitting procedures.
To make the BG model, we fit the BG spectra of XIS 0, 1 and 3 simultaneously, allowing small offset energies in each XIS, because the absolute gain of the XIS has an uncertainty of ∼ 5 eV (Koyama et al. 2007 ).
Since both the SNRs are located near the inner Galactic disk, the BG is dominated by the Galactic ridge X-ray emission (GRXE) (e.g. Uchiyama et al. 2013 ). In fact, we see emission lines from Mg, Si, S, and Fe in the BG spectra as well as the hard continuum (figure 2), which are typical features in the GRXE spectra. Uchiyama et al. (2013) represented the GRXE spectra as the sum of hightemperature (kT ∼ 7 keV) and low-temperature (kT ∼ 1 keV) plasmas (here, HP and LP, respectively) in CIE (apec model in XSPEC) plus non-thermal X-rays of the photon index Γ ∼ 2 with additional neutral Fe lines at 6.40 keV of the equivalent width (EW ) ∼ 460 eV and at 7.06 keV. The latter component would be associated with cold matter (hence, CM) (Uchiyama et al. 2013) . The GRXE components are subject to a significant interstellar absorption (N H ; phabs model). Thus, the model of GRXE is
( 1) In the fitting, the absorption column density N H(GRXE) and the fluxes of HP, LP (emission measure: EM ) and CM are free parameters. The temperatures (kT LP and kT HP ) and abundances are also free, but are common between the two BG regions. In addition to the GRXE, the Galactic plane background includes foreground thermal emissions (FE) (Ryu et al. 2009; Uchiyama et al. 2013) . We fix the FE components according to Uchiyama et al. (2013) : absorbed two optically thin thermal plasmas (N H(FE) = 5.6 × 10 21 cm −2 , kT = 0.09 keV and 0.59 keV). The intensities in the 0.5-1.2 keV band are 1.1 × 10 −6 photons s
and 9.7 × 10 −7 photons s −1 cm −2 arcmin −2 for the 0.09 keV and 0.59 keV plasma, respectively.
We further add an absorbed power-law for the cosmic X-ray background (CXB). The parameters of the CXB model are taken from Kushino et al. (2002) : Γ = 1.41, and the flux of 6.38 × 10 −8 erg s −1 cm −2 sr −1 . The column density is assumed to be N H(CXB) = 2 × N H(GRXE) (Uchiyama et al. 2013) . The overall background model (BGD) is then given by BGD = GRXE + FE + CXB.
Since G350.1−0.3 and G349.7+0.2 are almost in the same direction, we simultaneously fit the BG spectra for both the SNRs. The best-fit parameters are listed in table 2. We note that these parameters are globally consistent with Uchiyama et al. (2013) . We hence apply the best-fit models for the X-ray BG of the SNRs. 
1051/769 = 1.37 * Errors are at the 90% confidence level. † The emission measure in unit of nen H V /4πd 2 , where ne, n H , V and d are the electron and the hydrogen densities, the emitting volume and the distance to the source, respectively. ‡ Absorbed flux (1.0-10.0 keV).
X-ray Spectra of the SNRs
The spectra of G350.1−0.3 and G349.7+0.2 have stronger Kα lines of Mg, Si, S, Ar, Ca and Fe than those in the BG spectra (figure 2). The structure at 7.7 keV is a new discovery, which is composite emissions of Fe Kβ and Ni Kα. In addition, the structure at 1.6 keV is due either to He-like Mg Kβ or Al Kα. For the SNR spectral fitting (1.2-10.0 keV), we use the vapec and vpshock models in XSPEC for CIE and NEI plasmas, respectively, adding the background model given in table 2. G350.1−0.3
We first apply an NEI with interstellar absorption. The temperature (kT ), ionization timescale (n e t), emission measure (EM ) and abundances of Mg, Si, S, Ar, Ca, Fe and Ni are free parameters. Those of the other elements are fixed to the solar values. Since the source region includes the CCO candidate, XMMU J172054.5−372652, we add the spectral model for the CCO reported by Gaensler et al. (2008) : the blackbody (kT = 0.53 keV, the 0.5-10.0 keV flux of 1.4 × 10 −12 erg s −1 cm −2 ) with N H = 2.9 × 10 22 cm −2 . This model is not statistically acceptable (χ 2 /d.o.f. = 1279/663 = 1.92), with significant residuals at ∼ 1.35 keV and ∼ 1.45 keV (see figure 3a) . The residuals correspond to He-like and H-like Mg Kα, respectively, and hence at least one more plasma is required.
Then we add a CIE component with free parameters of Mg, Si, S, Ar, Ca, Fe and Ni abundances. is converted to an Al abundance of 1.4 ± 0.5 solar. This result is also shown in table 3. In table 3, we see an extreme overabundance of Ni for the NEI component (14 ± 7 solar). The Ni abundance is extracted from the peak flux at 7.7 keV, where the Fe Kβ and Ni Kα lines are not resolved. In the plasma of the best-fit model (kT = 1.51 keV, n e t = 3.5×10 11 s cm −3 ), the most populous Fe ions are Be, B and C-like states. The present NEI model, however, does not include any Kβ emission except for H-like and He-like states. According to Yamaguchi et al. (2014) , we calculate the intensity ratio Fe Kβ/Fe Kα and Fe Kβ energies for each ion using "Flexible Atomic Code" (Gu 2008 ). The intensity ratio Fe Kβ/Fe Kα is 2.9%, which is in fact much larger than 0.2%, the predicted value using the relevant NEI model. The calculated mean energy of missing Fe Kβ is 7.64 keV. We, hence add a Gaussian at 7.64 keV with the intensity of 5.5 × 10 −7 photons s −1 cm −2 , 2.7% of the Fe Kα flux, and re-fit. The additional Gaussian values and the refitted Ni abundance are added in table 3. The parameters except for Ni are almost the same as those of the previous three-component model (no correction of Fe Kβ). In this revised three-component model, Ni abundance decreases from 14 ± 7 solar to 12 ± 7 solar. Still, the overabundance of Ni does hold.
G349.7+0.2
As is shown in figure 3 , the spectrum of G349.7+0.2 is very similar to that of G350.1−0.3. We, therefore, follow the same fitting process as is given above. In all the fitting process of G349.7+0.2, we also include the CCO candidate, CXOU J171801.0−372617, as the powerlaw with Γ = 2.5 and the unabsorbed 0.5-10.0 keV flux of 2.2 × 10 −13 erg s −1 cm −2 (Lazendic et al. 2005) . We find in figure 3c that the NEI model fit is unacceptable with significant data residuals near at Fe K (> 6.5 keV), and the lower energy band (< 3 keV). Thus, we try the three-component model, which is the same as G350.1−0.3, and obtain an acceptable χ 2 /d.o.f. of 664/587 = 1.13. The best-fit model and its parameters are given in figure 3 and table 3, respectively. The abundance of Al and the revised abundance of Ni are estimated with the same method as in the case of G350.1−0.3. These are 0.6 ± 0.4 solar and 5.3 ± 2.0 solar for Al and Ni, respectively.
Discussion
The X-ray spectra of the two SNRs are well explained by the two plasma model; a high-temperature in NEI and a low-temperature in CIE. For both the SNRs, we obtain the abundances of many heavy elements in the hightemperature NEI plasma. The most important discovery is the detection of Ni with the extreme overabundance (12 ± 7 solar for G350.1−0.3 and 5.3 ± 2.0 solar for G349.7+0.2). We also find Al for the first time from G350.1−0.3 and G349.7+0.2, the second detection after G344.7−0.1 (Yamaguchi et al. 2012 ).
Origin of the Plasmas
Since the low-temperature component for G350.1−0.3 is in CIE with the solar abundances, it would be ISM heated by a blast wave. The high-temperature NEI component for the SNR has high metal abundances of 1.4-12 solar. Therefore, it is likely the ejecta recently heated-up by a reverse shock. In figure 4 , we show metal abundances in the ejecta relative to Si for G350.1−0.3. The determination of Mg and Al abundances in the ejecta may be significantly affected by the high inferred Ni abundance, because Ni L-shell lines become important near Mg Kα and Al Kα line energies. Also the quality of atomic data for Ni lines in the NEI models is not good enough. Thus, the quoted errors on the Mg and Al abundances may be larger than the pure statistical error. Taking into account of possible larger errors in Mg and Al than those given in figure 4 , the abundance patterns roughly agree with those of the CC-SN model with a progenitor mass between 15-25 M ⊙ (Woosley & Weaver 1995) . 40 M ⊙ (Woosley & Weaver 1995) . From figure 5 , we see the abundance pattern of the SNR roughly agrees with that of a progenitor mass of ∼35-40 M ⊙ . The metal abundances other than Mg and Ni are 1 solar or slightly smaller, which may conflict with the initial assumption of the ejecta origin. The abundances are determined by fixing the abundances for lighter elements than Mg, namely He, C, N, O and Ne to be 1 solar since He-Ne do not appear as emission lines in the relevant energy band of < 1.2 keV. If the plasma is really due to the ejecta of 35-40 M ⊙ star, the abundance of He-Ne should be far larger than 1 solar and the bremsstrahlung is largely dominated by the enhanced He-Ne. We, hence, assume the abundances of these light elements following the results of Woosley & Weaver (1995) , and re-fit the spectra. The resultant abundances of Mg-Ni become 4.5-5.5 times of the initial values, or larger than 1 solar, which supports the ejecta origin. The abundance ratios relative to Si are not changed from that of the original data given in figure 5.
Ni
Over-Abundance of G350.1−0.3 and G349.7+0.2
The observed abundance of Ni are far higher than that of Fe for both the SNRs. We note that the large abundances of Ni are not due to an estimation error of the NXB, which exhibits a strong neutral Ni Kα line at 7.47 keV. We estimate for the case of FI CCDs (XIS0 + XIS3), for simplicity. Neutral Ni Kα line flux in the NXB is 3.1(±0.1) × 10 −6 photons s −1 cm −2 , which is almost comparable to the He-like Ni Kα + the Fe Kβ lines flux in the NXB-subtracted spectra of the SNRs(∼ 3.5×10 −6 photons s −1 cm −2 ). Since the typical ambiguity of the NXB subtraction is at most 5% (Tawa et al. 2008) a contamination of this line to the derived flux of the Helike Ni Kα + Fe Kβ lines would be less than a few % . Furthermore, with the good energy resolution of Suzaku, we separately detect the He-like Ni Kα + the Fe Kβ lines at 7.7 keV from the neutral Ni Kα line at 7.47 keV.
The high ratio of Z Ni /Z Fe ∼ 8 is not found from any other SNRs. In figure 6 , we compare simply the flux ratio of Kα line of Fe and Ni for G350.1−0.3, G349.7+0.2, Tycho (Yamaguchi et al. 2014) , Kepler (Park et al. 2013) , and Cassiopeia A (Maeda et al. 2009 ). For G350.1−0.3, G349.7+0.2, and Cassiopeia A, only the sum of Ni Kα and Fe Kβ are available. We therefore estimated the Fe Kβ flux by referring to Yamaguchi et al. (2014) , and obtain the Ni Kα flux separately. Since the atomic numbers of Fe and Ni are nearly the same, the flux ratio of Kα line of Ni and Fe is approximately equal, or slightly smaller (due to a smaller ionization/excitation cross section of Ni than those of Fe) than the abundance ratio. In the solar abundance, the abundance ratio Ni/Fe is ∼ 4%. The flux ratios of Kα line of Ni and Fe for Tycho, Kepler and Cassiopeia A are slightly smaller than ∼ 4%, but those of G350.1−0.3 and G349.7+0.2 are larger than ∼ 4%, indicating that the abundance ratio (Z Ni /Z Fe ) is larger than 1 (in solar unit) in these SNRs. Thus Ni-overabundance for G350.1−0.3 and G349.7+0.2 can be suggested even before the spectral fitting.
The high ratio Z Ni /Z Fe ∼ 8 is not predicted by the theoretical model by Woosley & Weaver (1995) . The observed high ratio can be explained if a significant fraction of Ni was ejected from the core region possibly due to an asymmetric explosion. In fact, Maeda et al. (2007) reported that a large amount of Ni is ejected from the core of SN 2006aj as a result of an asymmetric explosion. G350.1−0.3 and G349.7+0.2 has the morphology away from symmetry. Previous researches claimed that the surrounding molecular gas caused the peculiar morphologies. Instead, we propose that asymmetric explosions made such morphologies.
N H , Distance and Ejecta Mass
The absorption (N H ) of compact sources in the Galactic inner plane would be affected by the dust scattering effect. The observed radius of the dust scattering halo (which includes 90% of the total flux) is ∼ 40 ′′ (Xiang et al. 2007 ) for 4U 1624−49, an X-ray binary located at or behind the Galactic ridge with large absorption of N H ∼ 8 × 10 22 cm −2 (Smale et al. 2001) . Although the source sizes of G350.1−0.3 and G349.7+0.2 are larger than this radius, we still examine the dust scattering effect. We made the spectra of the SNRs from areas larger by 180 ′′ in radius than those in figure 1 (solid lines) (e.g. for G349+0.2, the radius of the larger area is 320 ′′ , while the original source area is 140 ′′ radius.). The best-fit N H of the spectra from the larger areas are 3.2(±0.1) and 6.3(±0.2) × 10 22 cm −2 for G350.1−0.3 and G349.7+0.2, respectively, which are consistent with those given in table 3. Therefore, the dust scattering effect is not significant in the N H estimation for these SNRs.
For the distance estimation, we assume that the interstellar gas density is proportional to the stellar density of the Galactic disk given by Kent et al. (1991) . The ratio of the X-ray absorption column density N H between the SNRs and nearby GRXE are 1.1 and 1.6 for G350.1−0.3 and G349.7+0.2, respectively (see tables 2 and 3). Integrating the gas density along the line of sight, we search for the distance, where the integrated gas density becomes to N H (at 8.5 kpc) × N H ratio (1.1 for G350.1−0.3 and 1.6 for G349.7+0.2). Here we assume N H of the GRXE is that of the midpoint of the Galactic
